BE IT KNOWN that WE, Klaus GERSTNER, Clemens OTTERMANN, 
Thomas ZIMMERMANN and Josef DROSTE, citizens of Germany, whose post 
office addresses and residencies are, respectively, Otto Hahn Strasse 17, 55129 
Mainz, Germany; Eppsteiner Strasse 4, 65795 Hattersheim, Germany; Dietrich- 
5 Bonhoeffer Weg 2, 33758 Schloss Holte Stukenbrock, Germany; and 

Osnabrucker Strasse 36, 49219 Glandorf, Germany; have invented certain new 
and useful improvements in a 

METHOD AND APPARATUS FOR DETECTING FAULTS 
io IN TRANSPARENT MATERIAL 

Of which the following is a complete specification thereof: 
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BACKGROUND OF THE INVENTION 
1 . The Field of the Invention 

The present invention relates to a method and apparatus for detecting 
faults in transparent material. The purpose of the invention is to determine the 

5 optical quality and detect faults in the transparent material . The transparent 
material indeed is a solid material, especially glass or plastic. The plastic 
materials include, for example, polyvinyl chloride (PVC), polypropylene (PP), 
polyethylene (PE) or other transparent duroplastic or thermosetting plastic, 
elastomeric or thermoplastic materials. The use of the invention for determination 

10 of the quality of flat glass and float glass is especially preferred. 

2. Description of the Related Art 

WO 99/49303 describes a method and apparatus for detection of faults in 
15 flat glass. In this method a camera observes a spot on the boundary of a two-part 
lighting apparatus. The lighting apparatus is embodied in two parts with red LEDs 
in one half and with green LEDs in the other half. Relative motion between the 
camera and the lighting apparatus is detected. If a beam-deflecting fault is 
present in the flat glass, like, e.g., a sufficiently large bubble, this fault bends the 
20 beam guided to the camera from the lighting apparatus. Because of that different 
amounts of the red and green light reach the wavelength-sensitive camera so 
that a deflection signal is produced. In this way the apparatus can detect beam- 
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deflecting faults. Furthermore the brightness field signal is used in order to 
measure the size of the corresponding beam-bending or beam-deflecting fault. 

The Japanese Patent Publication H 10-339795 discloses detection of 
faults in flat glass by introducing parallel light beams inclined to side edges of the 

5 flat glass. Because of the way in which the light beams are introduced into the 
interior of the strip-shaped glass material total reflection occurs, so that the light 
travels from one side of the flat glass to the other. If a glass fault, for example an 
inclusion, a knot or a bubble, is present in the interior of the flat glass, the light 
introduced into the volume is scattered. The scattered light is detected in this 

10 method. 

DE 102 21 945.1 of May 15, 2002 discloses a similar method, in which a 
laser light is introduced into a flat glass piece from the side or laterally. The laser 
light travels from one side of the flat glass to the other because of total reflection. 
In this method the laser beam is introduced at the side edge of the flat glass 

15 through water into the glass. Because of the manner in which the laser beam is 
introduced in this method the disadvantage that there is no definite edge 
geometry present in float glass is overcome. In this way this latter method differs 
from that disclosed in the aforementioned Japanese Patent Publication in which 
radiation is introduced laterally into the side edge only with difficulty in a definite 

20 manner and way. 
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SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a method for detecting 
5 faults in transparent material so that only signals from a certain partial volume of 
the transparent material are consulted for fault detection and fault size 
determination. 

This object is attained by the invention claimed in the main independent 
claim. Additional advantages are attained by embodiments claimed in the 
10 appended dependent claims. 

According to the invention the method for detecting faults in transparent 
material, comprises the steps of: 

a) irradiating a definite partial volume of the transparent material with a 
first radiation source; 
15 b) propagating light of a second radiation source into the transparent 

material so that an optical path of the light in the partial volume extends in an 
interior of the transparent material; and 

c) detecting scattered light from the fault in the partial volume, bright field 
absorption from the fault in the partial volume and/or deflection of light of the first 
20 radiation source by the fault in the partial volume to detect the presence of the 
fault in the partial volume. 

In the context of the present invention the term "definite partial volume" of 
the transparent material means a localized region or part of the transparent 
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material with definite boundaries, advantageously significantly smaller than the 
total volume of the transparent material. 

A first embodiment of the method is based on the understanding that the 
prior art limitations regarding the usefulness of bright field methods for detecting 

5 faults in transparent material were due to a lack of spatial resolution of faults in 
these methods. Up to now it could not be determined whether a fault was in the 
bulk of the transparent material or on the surface of the material from the 
respective bright field signals whose strength is proportional to the local decrease 
in intensity of the bright field due to absorption. The bright field absorption can be 

10 caused by faults within the glass or also by faults, such as dirt, which are on the 
surface of the glass. The difference between these causes could not be 
determined by the bright field absorption methods according to the prior art. 

Building on this understanding the basic concept of the invention is that 
the bright field methods are combined with a second method, which can be 

15 sensitive only to faults in certain volumes within the transparent material. Care is 
taken that only the same partial volume of transparent material is tested by both 
methods, so that it is guaranteed that both methods can detect the same fault. By 
combinations of both methods it is possible to test the coincidence of the bright 
field signal and the signal of the second method and to be able to express in the 

20 case of coincidence that the cause of the bright field signal is in the interior of the 
material. Without coincidence the fault is not in the volume measured, but on the 
surface. Thus in this latter case it would be a matter of a dirt effect in most cases. 
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Based on the above-described considerations one embodiment of the 
method of detecting faults in transparent material, which solves the above- 
described technical problems, comprises subjecting a definite partial volume of 
the transparent material to a bright field illumination with a first radiation source 
5 and coupling light into the transparent material with a second radiation source, so 
that the optical path in the partial volume extends exclusively in the transparent 
material. In this embodiment of the method a fault is detected in the partial 
volume when an absorption indicating such a fault is detected in the bright field 
and light of the second radiation source scattered by the fault is detected. 
10 The signals produced by light scattering subsequently are designated the 

scattered light signal. 

The second embodiment of the method according to the invention is 
based on the knowledge that prior art radiation deflection or bending methods for 
detecting faults in transparent material in which the transparent material is 
15 irradiated from the outside and the fault deflects or bends light acting on it 

similarly cannot differentiate between scattering centers or sites in the interior of 
the material or on the surface of the material. 

Referring to the disclosure in the foregoing paragraphs the basic concept 
of the invention is to combine a radiation deflection or bending method with a 
20 second method, which responds exclusively to fault in the interior of the material, 
in other words in the bulk or volume of the material. 

Based on this further inventive concept a further embodiment of the 
method for detecting faults in a transparent material comprises irradiating a 
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definite partial volume with a first radiation source and introducing or coupling 
light into the material with a second radiation source so that the optical path that 
passes through the aforesaid partial volume is exclusively in the interior of the 
material. In this embodiment a fault is detected in the partial volume by detecting 
5 both scattered light from it and also deflection or bending produced by the light 
from the first radiation source. 

The signals produced from the deflected light are designated in the 
following as the deflection signals. 

Both of the above-described embodiments of the method can be 
10 performed alternatively or cumulatively. It is additionally possible in a third 

embodiment of the method of the invention to detect scattered light from the fault 
and the deflection of the light from the first radiation source produced by a fault in 
the partial volume, whereby radiation deflecting faults are tested in the material 
interior. 

15 In summary, the solution of the above-described technical problems 

results in a method for detecting faults in transparent material, in which a definite 
partial volume of material is irradiated with a first radiation source and in which 
light is coupled into the material with a second radiation source so that the optical 
path in the aforesaid partial volume exclusively passes through the interior of the 

20 material. In this method a fault is determined to be present when light scattered 
from the fault, absorption in a bright field produced by the fault and/or deflection 
of light from the first radiation source produced by the fault is/are detected. 
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The apparatus solving the aforesaid technical problems and performing 
the method for detecting faults in transparent material according to the invention 
comprises a first radiation source for irradiating a definite and/or predetermined 
partial volume of the transparent material, a detector for detecting the light 
5 present in the above-described partial volume and a second radiation source, 
which is arranged in relation to the material, so that the optical path of light from 
the second radiation source passes exclusively through the interior of the 
material. 

With reference to these embodiments a fault in the partial volume is 
10 detected from: 

a) scattered light of the second radiation source scattered from the fault, 

and/or 

b) bright field light with an absorption produced by the fault, wherein the 
absorbed light is light from the first radiation source; and/or 

15 c) light of the first radiation source that was deflected by the fault. 

A detector is arranged for the light of the second radiation source, which is 
scattered at the fault or defect in the material. This can be identical with the 
detector, which detects the light of the first radiation source or it can be different. 
In a preferred embodiment the bright field light is measured with local 
20 spatial resolution. In this case the size of the fault or defect located in the partial 
volume may be determined. This is of great importance in the quality control in 
glass manufacture. Increasingly only small defects are permitted for high quality 
products. Thus for example prevention of defects with a diameter of greater than 
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50 urn is increasingly required in manufacture of TFT glass, which is used for flat 
display screens. In manufacture only a certain defined number of defects with a 
defect diameter of greater than 50 ^im can be permitted. Whether the 
manufactured product meets these specifications can be concluded by the 

5 number of coincidence signals. 

The type of fault can be deduced from the ratio of the bright field signal to 
the scattered light signal. If e.g. a bubble in the volume is illuminated by the 
method according to the invention, light is scattered in the part of the bubble on 
the side of the bubble from which radiation passes out. In contrast in the case of 

10 an inclusion scattering occurs on one side of the inclusion and comparatively little 
total scattered light is produced for an inclusion of the same size. Thus whether 
or not the fault is a bubble or an inclusion can be determined from the aforesaid 
signal ratio. Also the type of fault can be determined from the ratio of the 
deflection signal to the scattered light signal. Additional faults in the transparent 

15 material may be generally considered. In further testing according to the 

invention each fault type has its own characteristic three-dimensional radiation 
pattern, so that the type of the detected fault can be established from these 
characteristic radiation patterns. 

In particularly advantageous embodiments the second radiation source 

20 emits monochromatic light, i.e. is a laser. In this embodiment monochromatic 
light from this second radiation source is especially easily introduced or coupled 
into a flat glass sheet through a side edge. Furthermore this has the advantage 
that a high light intensity is available. With a flat glass, which for example is 
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illuminated with a halogen lamp, that the intensity of the input light strongly 
decreases in the center of the sheet because of absorption, for example to 5 % 
of the input value with a 1 .2-m sheet, should be considered. In this latter case 
an expensive computer compensation is required in an evaluation in order to 
5 correctly judge the size of the fault over the total width of the sheet from the 
scattered light. However a laser has the potential that sufficient intensity is 
present along the laser beam in this embodiment of the method according to the 
invention. 

An advantageous application of the method according to the invention 
10 includes coupling the respective radiation into a flat glass sheet and testing it 
according to the fault. This flat glass is moving with respect to the radiation 
sources under production conditions, indeed at a feed speed of 10 m/min, so that 
about 26 m 2 per minute can be tested based on the width of the flat glass plate. 
The thickness of this sort of glass typically is between 0.4 and 1.1 mm. 
15 When the second radiation source emits green light or light in the green 

range, the absorption effects are particularly small in technical glass. This glass 
has iron-containing impurities with an absorption minimum in this green 
wavelength range. Accordingly it is advantageous when the emission frequency 
of the laser selected is 532 nm. 
20. When the second radiation source emits red light, absorption effects are 

especially small in optical glasses. In this case a helium-neon laser or LEDs 
emitting in the red wavelength range or diode lasers are available as radiation 
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sources. It is generally advantageous to select the wavelength of the radiation 
sources so that as little radiation as possible is absorbed. 

In experiments it has been shown that it is advantageous when the 
intensity of the light coupled into the material edge by the second radiation 

5 source is about 10 times as high, as in the center. In experiments with light 
coupled into flat glass it was established that simply increasing the intensity of 
the input light is no solution for compensating the weakening of the light intensity 
with the not eliminated absorption occurring in the glass. Furthermore noise 
signals, which are probably caused by dirt on the glass surface, are produced. In 

10 so far as dirt on the surface is illuminated difficulties are produced for the signal 
processing. The above-described intensity ratio produces a good balance 
between sufficiently high intensity and sufficiently small noise signals. In order to 
adjust this intensity ratio the wavelength can be adjusted for the respective 
material, since the absorption experiences material-dependent changes at 

15 different wavelengths. Alternatively or cumulatively the intensity ratio can be 
provided also by a changed focussing of the input laser light. 

In order to guarantee that the light of the second radiation source in the 
partial volume being tested travels exclusively within the interior of the material, 
the light of the second radiation source can be input in such a way that it is totally 

20 reflected in the interior. This can be provided by introducing the light inclined to 
the upper side or lower side of the material and indeed so that the angle of 
incidence in relation to the surface normal is greater than the limiting or boundary 
angle for total reflection in subsequent transmission of light from the transparent 
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material to air. Alternatively the light can also be input inclined to the side edge 
of the material. This pre-condition is especially suited for testing of flat glass or 
float glass, in which light so-to-speak is captured in the interior, as in an optical 
fiber. At the same time not only a small partial volume can be tested, but the flat 

5 glass can be tested over its entire width. Accordingly the associated apparatus 
must be designed so that it can probe not only a single small partial volume, but 
also a plurality of small partial volumes across the feed direction of the flat glass. 

When float glass should be tested for faults with the method according to 
the invention and it has no definite edge geometry at its edges, the second 

10 radiation source can be used to input light inclined to the side edge. In so far as it 
is advantageous a transparent liquid, like water, can be arranged between the 
second radiation source and the float glass so that the light of the second 
radiation source is coupled into the sheet or strip of float glass through the 
transparent liquid. Because of the transparent liquid, which is in contact with the 

15 non-uniform edges, geometric differences are compensated and input of the 
laser light is possible. 

When both radiation sources emit pulsed light, so that one radiation 
source emits light exclusively in intervals between pulses of the other radiation 
source, a single detector can be used for detection of the fault in the transparent 

20 material. Thus the bright field signal from the radiation of the first radiation source 
is detected temporally shifted from the corresponding scattered light signal. 
Detection of these signals alternate. Since, on the other hand, the testing 
depends on receiving signals from the same partial volume, it is understandable 
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that the feed speed of the material must be adjusted to the suitable pulse 
duration of the radiation sources. In that way it is guaranteed that both radiation 
sources illuminate the same partial volumes. Accordingly electronics, generally a 
multiplexing unit, must be provided for controlling both radiation sources, which is 
5 constructed so that the radiation sources exclusively emit time-shifted light 
pulses. 

The principal method according to the invention only registers a 
coincidence, when radiation absorption is established in bright field light. If this 
absorption is too small or it is not present at all, the corresponding fault is not 

10 found. In this latter case however it is possible to detect this fault by its radiation 
deflection action. If bright field illumination is performed in transmission, i.e. the 
transparent medium is located between camera and light source, the light acting 
on the fault is deflected in the case of a radiation-deflecting fault. The deflected 
light thus falls on the detector at a different position than undeflected light that 

15 has not experienced this deflecting effect. 

In order to detect this sort of radiation deflection the first radiation source 
can be a two-part radiation source. Light of two different intensities or colors can 
be emitted from the respective parts of the radiation source. For example if two 
colors are emitted, e.g. red and green, the radiation deflecting action of a fault or 

20 defect changes the amount of red and green light reaching the detection. If 
respective voltage signals Ui and U 2 at the detector are correlated with the 
corresponding colors, a change of these voltage signals Ui and U2 corresponds 
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to a deflection of the radiation. The difference of both voltages is a measure for 
the amount of the deflection. 
Alternatively the ratio 

Upos = {Ui - U 2 }/{ Ui + U 2 } 
5 can be referred to, i.e. used to find a fault by this embodiment of the method. The 
amplitude of U p0 s is thus a measure of the amount of the deflection caused by the 
fault or defect. 

By the additional detection of radiation bending fault several types of faults 
are thus detected by measurement engineering. The reliability of the detection of 

10 the faults with a maximum size, which is still acceptable in the manufacturing 
process, increases. 

It is also possible to simultaneously work with the scattered light signal, 
the radiation deflection signal and the bright field signal. Radiation-deflecting 
sites on the surface can be detected in this way and ignored during the quality 

15 control testing of the material. In case these three signals simultaneously 

coincide or are positive, this indicates the presence of a radiation-deflecting and 
radiation-absorbing fault, which is in the interior or bulk of the material. The 
circumstance that this fault also deflects radiation permits an extensive and 
improved categorization of faults, as described above. 

20 The preparation of the different colors for both parts of the first radiation 

source can occur so that different color LEDSs are associated with both parts. A 
CCD camera can then detect the light from this two-part source. 
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It is possible to detect the scatter light on the one hand and the deflected 
radiation and/or the bright field signal on the other hand with different detectors. 

In order to keep the apparatus expense low it is advantageous when both 
radiation sources are pulsed so that the first radiation source is preferably a 
5 pulsed radiation source. In combination with a pulsed second radiation source, 
for example a pulsed laser, it can be guaranteed that one radiation source emits 
pulses exclusively in the interval between pulses from the other radiation source. 
For this purpose the apparatus has an electronic device controlling both radiation 
sources, which is formed so that both radiation sources exclusively emit time- 
10 shifted light. 

If, as mentioned above, a two-part first radiation source is selected, this 
corresponds to embodiments with three light sources, in as much as the one light 
source emits in the intervals between the pulses of the both other light sources. 

An analyzing or evaluating unit is also provided for processing the 
15 detected signals to ascertain the bright field signal, scattered light signal and/or 
deflection signal. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

20 The objects, features and advantages of the invention will now be 

illustrated in more detail with the aid of the following description of the preferred 
embodiments, with reference to the accompanying figures in which: 

Figure 1 is a perspective view illustrating a first embodiment of an 



15 



apparatus for performing the method for detecting faults in a transparent material 
according to the invention; 

Figure 2 is a perspective view of a second embodiment of an apparatus 
for performing the method for detecting faults in a transparent material according 
5 to the invention; 

Figure 3 is a perspective view of another embodiment of an apparatus for 
performing the method for detecting faults in a transparent material according to 
the invention, which is similar to the apparatus shown in figure 2; 

Figure 4 is a diagrammatic illustration of a fault in a transparent material in 
10 the form of a bubble; and 

Figure 5 is a pulse-timing diagram showing the temporal relationship of 
laser and LED pulses used in the method according to the invention. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a diagrammatic representation showing the method according 
to the invention, in which a first radiation source 1 with wavelength Xi irradiates a 
20 plate-shaped glass body 3 from underneath it. After the light passes through it 
twice it reaches the detector 4. The radiation source 1 probes a partial volume 2 
in the interior of the glass material 3. 

The glass part 3 is irradiated laterally or from the side edge of the glass 
plate 3 by means of a second radiation source 5 with light of wavelength X 2 . The 
25 light from the second light source is partially scattered in the given partial volume 
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2, which is indicated by the arrow directed laterally toward the left in figure 1 . The 
glass plate 3 moves laterally from left to right with speed v. 

Figure 2 shows the glass plate 3 again, this time with a bar-shaped light 
source 1 underneath it, which emits light of wavelength X^ perpendicularly to the 

5 under side or under surface of the plate. Also radiation of wavelength X 2 reaches 
the region 5 through the side edge of the glass plate 3, as shown in figure 2, from 
another unshown radiation source. This light of wavelength X 2 is coupled into the 
glass plate 3 so that it is totally reflected in the interior, which is indicated by the 
zig-zag line in the region 5. The totally reflected light is partially scattered in the 

10 partial volume 2 and arrives in the detector 4. The fraction of the light of 
wavelength \ 2 that passes through the glass plate 3 without being scattered 
passes out of the surface 6 at the other end or side of the glass plate 3. 

Figure 3 shows an apparatus that is similar to that shown in figure 2. The 
embodiment shown in figure 3 differs from that of figure 2 in that the bar-shaped 

15 light source 1 has two parts, a first part 1 ' and a second part 1 ". A CCD camera 4 
focuses on the partial volume in the glass plate 3. Further in this direction the 
detector 4 detects a part of the surface of the bar-shaped light source 1 radiating 
pulsed light at the boundary between the parts 1' and 1". 

Figure 4 is a diagrammatic representation of a known fault in the glass in 

20 the form of a bubble. The size and the approximately egg-shaped structure are 
obtained by evaluation of the bright field absorption. The CCD chip alternately 
detects the light LED 1 and the light LED2, namely 7', 8', 7", 8", 7 , ",8"',7"",8"". 
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LED 1 stands for the light of the first part 1" of the light source 1 and LED 2 
stands for the light of the second part 2". 

Also light of wavelength X 2 is coupled into the glass plate 3 through the 
edge laterally from left to right in figure 3. This edge light passes through the 
5 bubble (fault) from right to left, which leads to scattering into the irradiated region. 

The laser pulse is adjusted to the pulse timing of the parts 1' and 1" as 
shown in figure 5. The synchronization performed is shown in figure 5. 
Respective light pulses from the first part 1' and the second part 1" are 
alternately emitted following individual laser light pulses. The one light source 
10 thus emits a pulse in the common pause interval between the pulses from the 
other light source. The single detector detects in succession laser light 9' in the 
scattering region, light 7" of LED 1, laser light 9", light 8"' of LED 2, laser light 9" 
and light 7'" from LED 1. 

15 The disclosure in German Patent Application 1 03 1 6 707.2 of April 4, 2003 

is incorporated here by reference. This German Patent Application describes the 
invention described hereinabove and claimed in the claims appended 
hereinbelow and provides the basis for a claim of priority for the instant invention 
under 35 U.S.C. 119. 

20 While the invention has been illustrated and described as embodied in a 

method and apparatus for detecting faults in a transparent material, it is not 
intended to be limited to the details shown, since various modifications and 
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changes may be made without departing in any way from the spirit of the present 
invention. 

Without further analysis, the foregoing will so fully reveal the gist of the 
present invention that others can, by applying current knowledge, readily adapt it 
5 for various applications without omitting features that, from the standpoint of prior 
art, fairly constitute essential characteristics of the generic or specific aspects of 
this invention. 

What is claimed is new and is set forth in the following appended claims. 
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